This study estimates the risk contributions of individual European countries regarding the indemnity payments in agricultural insurance. We model the total risk exposure as an insurance portfolio where each country is unique in terms of its risk characteristics. The data has been col lected from the recent surveys conducted by the European Commission and the World Bank. Farm Accountancy Data Network is used as well. 22 out of 26 member states are included in the study. The results suggest that the Euro Mediterranean countries are the major risk contributors. These countries not only have the highest expected loss but also high volatility of indemnity payments. Nordic countries have the lowest indemnity payments and risk exposure.
ЕС. Этим странам характерны высокие ожидаемые убытки и нестабильность компенсационным выплат. Северные страны ЕС имеют наименьшие показатели как по компенсационным выплатам, так и по подверженности риску.
Ключевые слова: Единая сельскохозяйственная политика ЕС; сельскохозяйственное страхование; подверженность рискам; компенсационные выплаты; страховой портфель. Introduction. Farmers face unavoidable risks in agriculture, due to a variety of reasons. The risk factors in agriculture are inevitable, but they are manageable to a large extent, through risk management strategies. Agricultural risks can be classified into 5 categories: climatic, health related, geological, market related and human (Wenner and Arias, 2003) .
In the late 1980s and early 1990s, the insurance industry started to become inter ested in natural disasters since weather events create opportunities for portfolio diver sification due to the fact that they are unrelated with financial markets, big catastro phes may be easily financed through financial markets; government can also play a regulatory role, and investors would be able to choose a particular type of risk unlike direct investment in an insurance company (Miranda and Vedenov, 2001) . Agricultural insurance has many advantages in agricultural risk management. However, it has the disadvantage of suffering from market incompletion in the form of information asymmetries or incomplete contingent claims markets. Dismukes et al. (2004) develop a measure in valuing agricultural insurance, by assuming only that rational producers never forego opportunities to risklessly raise profit. Wenner and Arias (2003) find that the necessary conditions for the development of innovative instruments are a suitable technology, an institutional support system, means of insti tutional delivery and a proper legal and regulatory framework for insurance company supervision.
Government involvement in agriculture is justified by the market failures explained above. In analyzing the problems of market insurance in agriculture, Goodwin (2001) argues that crop insurance is a major kind of income subsidy for farmers and a major step in providing economic support to the agricultural sector. However, the problems of moral hazard and adverse selection make it impossible in the agricultural insurance sector to provide private insurance contracts, as well as the existence of systemic risk due to weather events which create correlation in the risks of individual farmers. Subsidy for agricultural insurance is necessary under these cir cumstances (Kailiang and Wenjun, 2007) .
There are many types of agricultural insurance. The first one is the single risk insurance, which covers against one risk only. Combined (peril) insurance covers multiple risks. Price insurance covers against price decreases under some threshold, whereas yield insurance covers production risks. Revenue insurance combines the price and the yield insurances. Other types of agricultural insurance are whole farm insurance, income insurance, and index insurance (European Commission, 2008) . More insurance products and improving the risk assessment methods have the poten tial to increase the incentives of farmers to participate in the agricultural insurance programs. Makki and Somwaru (2001) propose 4 new tools, namely adjusted gross revenue insurance which is whole farm rather than on a crop by crop basis; tax deferred savings accounts for farmers; area revenue insurance -Group Risk Income Protection (GRIP) which is more attractive than GRP due to its income component; and regional weather index insurance which can effectively reduce asymmetric informa tion and facilitate the development of an independent crop insurance market. Teaching farmers about the benefits of agricultural insurance is also important in increasing their participation in the market. For example, Carter et al. (2009) use a financial education game to teach how to use index insurance in 5 different communities in Kenya, and find that the farmers' participation has increased after the game series.
Concerning the valuation of agricultural insurance, Chambers (2007) provides a model for its valuation. The basic assumption of his model is that rational producers never forego opportunities to risklessly raise profit. The model estimates a stochastic discount factor for the farmers that are independent of their risk preferences. Mahul (2001a Mahul ( , 2001b proposes an insurance contract that is optimal for the climatic risks under the uninsurable and dependent aggregate production risk.
In our study we introduce a totally different approach that will close the gap left by the revious studies. We consider agricultural insurance as a financial deriva tive option to manage risks faced by European farmers. We estimate the risk contri butions of individual European countries regarding the indemnity payments in agri cultural insurance; using data from the recent surveys conducted by the European Commission and the World Bank, as well as the Farm Accountancy Data Network (FADN).
Data and Methodology. The data is collected from various resources. There is no standardized data on the indemnity payments to agricultural insurance. Partial information on insurance data is derived from the EU funded research reports. (European Commission, 2008) . This data is also compared with 2008 Survey con ducted by the World Bank. Data on 4 countries were either inconsistent or nonexist ent. Therefore we removed these countries (Belgium, Ireland, Latvia, and Slovakia). Microlevel Farm Accountancy Data Network (FADN) data was also used to esti mate the variability of production. There are 22 countries included in our study. These member states share 96% of the agricultural production revenues in the European Union.
Fluctuations in crop and livestock production that are not included in the exist ing insurance systems are beyond our research. Our definition of risk exposure is based on the current insured value for each country. Based on this definition the mean risk exposure for each country is the same as average indemnity payments to the insured farmers. The standard deviation measure the variability of the indemnity payments. However, the data on indemnity payment variability for each country does not exist. Therefore, we defined a proxy parameter based on the deviation of produc tion from the trend. Table I lists the mean and standard deviation of risk exposures for each country included in our estimation.
As expected, large industrialized countries with significant agricultural produc tion have much higher risk exposure than other member states. Germany and France, dual dynamos of the Union, have risk exposures worth 13.5 bln. Euros and 11.7 bln. Euros respectively. On the contrary, the greatest expected losses arise from the Mediterranean states, namely, Greece, Spain and Italy. Spain has the highest indem nity payments of 370 million Euros, followed by Greece (218 mln. Euros), and Italy (208 mln. Euros). 
Model:
We consider European agricultural insurance exposure as a portfolio of credit loan with default probabilities that differ for each member state. Our model is a Poisson Gamma model also known as CreditRisk+ developed by CreditSuisse™. Let Ai, i = 1,2,…I be the i th obligor with rating Rs, s =1, 2,…, S and Xi,t be the total amount (coverage) on the contract that will be paid to obligor at time t =1, 2,…,T, with T representing maturity of a contract. Let xi = e rτ Xi,t the present value of a cov erage. r represents the interest rate and τ is the annual time to termination. Let's assume xi has been lent to the i th insured country, and it will be paying it back by reg ular payments. Let us introduce the probability generating function for i defined in terms of an auxiliary variable z by (1) where Pi is the default probability of i th state. We can rewrite the above equation as (2) where .
Using Poisson distribution we model the probability of having n defaults in a portfolio. Severity of defaults is also introduced to the model. This is done by map Then exposure band νi is computed as νi = roundup [max xi/L] where ceil rep resents rounding toward positive infinity and L is some suitable size of unit that nor malizes exposures. Then νi is the nearest upper integer to the normalized exposure. Let λi be the expected loss and εi be the expected loss expressed as multiples of the unit L. For a sufficiently large portfolio, more than one obligor shares a common band. Let νj be the j th exposure band, εj be the expected loss in units of L and µj be the num ber of defaults in band j. It follows that (3) Then total expected number of defaults in the entire portfolio with m exposure bands will be:
Using this definition we can form the probability generating function for the case where severity of defaults is taken into consideration:
where n*Loss is the aggregate loss. Explicit form for G(z) is written as (5) In order to numerically estimate the aggregate loss function, one can introduce the polynomial (6) We can write probability generating function in a more compact form as G(z) = F(P(z)), where F is derived from equation (2).
In the insurance portfolio there are K different sectors. Let us introduce yk rep resenting the average default rate over the sector k. Assume that the default rates in sectors follow gamma distribution with parameters αk and βk with: and ,
where µk is the mean of yk and σk is the standard deviation of yk. The probabili ty generating function for default events from the whole portfolio is given by where Then the distribution of default losses is obtained as (8) We compute this function in MATLAB using a combination of Fast Fourier Transformation and Panjer recursions (Nazliben, K. and Yildirak, K.).
Results:
In order to estimate the insurance payments, we used the latest MATLAB module to run Creditrisk+ algorithm to estimate the credit default risk. The inputs were risk fac tors and insured value. The simulations returned the estimated indemnity payments given specific probabilities. Table II shows the simulation outcomes: we observe a strong positive and exponential correlation between probability distribution and estimated indemnity payments. While the mean value indemnity payments equal 1.525 bln. Euros, there is a 1% probability that indemnity payments might be as high as 14.389 bln. Euros. Table III dissects the individual risk contributions of each member state for spe cific probability levels: The End of Table 3 While expected losses are within reasonable levels, the volatility of indemnity payments is a strong warning signal for EU policymakers. The high level of variabili ty in the Mediterranean countries shows weakness of these countries against large scale shocks. Although, the expected indemnity payment for Greece is around 217 mln. Euros, there is a 1% possibility, that it could be as much as 10 times higher, above 2.5 bln. Euros. A similar risk exists for Spain and Italy. The expected indemnity pay ments for these countries are around 370 mln. Euros and 208 mln. Euros, respective ly. However, there is a 1% possibility that the indemnity payments can be as high as 4 bln. Euros for Spain, and 1.3 bln. Euros for Italy.
Conclusion and Policy Implications. In this paper, we applied an innovative methodology to estimate the agribusiness related insurance risk, and indemnity pay ments. Our results supported the previous studies on the tremendous variation in agri cultural risks in the EU member states. While large industrialized countries have the highest level of risk exposure, the southern states have the most volatile risk exposures. The volatility regarding indemnity payments can be attributed mainly to two factors, namely climate variation, and government policy on agricultural insurance.
It is known that Mediterranean region has the most volatile climate. The risk of draught in harvest season is highest in Spain, Portugal, Italy and Greece. The statis tical analysis in this paper suggests that farmers in these countries face more risks than in the northern states of the EU. As the effects of global warming gets increasingly evident, agricultural businesses in these states might suffer the most. Consequently, a significant portion of these losses will be reflected in the insurer's balance sheets, as well as in state budgets.
The existing insurance subsidy scheme in the EU's Mediterranean members is another significant factor that contributes to exponentially increasing indemnity pay ments. These countries provide heavily subsidized insurance options to protect their farmers against weather and disease risks. While, this is a great benefit to farmers, it significantly increases the indemnity payment risk exposure of these countries. The volatility of yields is pretty high in Greek agribusinesses. As we show in our results, there is a 1% possibility of paying more than 2.5 bln. Euros in indemnity payments.
Greek government -known for its inefficient institutional settings -almost com pletely dominates the insurance market through Hellenic Agricultural Insurance (ELGA). The government also enforces the agricultural insurance as a publicly pro 
